Different Proxy studies in search of scientific reasoning for the cause
In recent years the frequency of cloud burst has increased tremendously and global temperature rise is considered to be among the major causes for the devastating flood. The mean temperature of the earth has increased 0.75°C since nineteenth century, which resulted in faster evaporation rate from high altitude glacial lakes, an important causes of frequent cloud burst in the high altitude region. The global precipitation data covering between the years 1979-2007 shows the changes of precipitation extremes and has been found that precipitation intensity increases by about 95% for each degree Kelvin (K) increase in global mean temperature (Liu et al. 2009 ). As a result during last century due to global warming, faster destruction of mountain or valley glacier has been observed. This phenomenon is already witnessed in Himalaya where glacier and glacial lakes are changing alarmingly. Glacier retreating rate in Himalaya is 10 to 60 m per year. Large number of small glaciers (<0.2 sq km) have already disappeared (Das 2015) .
A valuable information on local warming may gathered by tracking changes in the timber-line species as they represent the threshold of their climatic limits. Any change in climate, which disturbs the vegetation-climate equilibrium reflects significant changes in the demographic pattern of species. Studies on the impact of ongoing warming under the background influence of greenhouse gases also show that during the past few decade plant species have shifted to higher elevations and the shifting rate varies with species and largely depends on their sensitivity to climate. The change in high rate of upward shift of Himalayan pine has been observed by Dubey et al. (2003) . In the Indian Himalayas, Western Himalaya is more prone to warming due to heavy industrialisation and urbanisation. The climate records of Shimla (Western Himalaya) show warming of 0.54°C during the 20th century (Dubey et al. 2003) . Mukherjee (2014) The devastating flood arising due to lake outburst flood in Kedarnath region of Uttarakhand (16-17 th June 2013) is the witness of nature's fury and unprecedented changes in the climatic condition at regional as well as global level. Apart from geological and climatic factors, localize factors such as excessive practice of mass tourism, vehicular movement, human activity in high altitude ecosensitive areas have been held responsible for increasing of temperature and destruction of glaciers. Cloudbursts are mainly trigger by regional topography that lead to the lifting of moistureladen winds and forming of a cumulonimbus cloud, associated with thunderstorm and heavy precipitation. Cloudbursts are common in the western Himalaya which may be attributed to disturbed ecological condition of Western Himalayas because of high anthropogenic pressure and local warming (Das 2015) . A number of studies are available on monsoon cycling, western disturbance, aerosol movement and fine carbon soot to understand the cause of flash flood. cloudburst in Kedarnath area, the abnormal rise of the atmospheric temperature in this area was initiated by the release of heat energy from the trapped proton drift in the magnetic field line. The proton flux having the potential to be trapped for a long time in the geomagnetic field enhancing the ionization process resulted in heating the upper part of the atmosphere in the proximity of the Uttarakhand area. Changes in ionization affect the abundance of aerosols that serve as the condensation nuclei for cloud formation.
Lichen biomonitoring data for validation
Owing to the sensitivity of lichens towards microclimatic changes, lichens are considered as sensitive indicators of global warming. (Hauck 2009 ). Range expansions of thermophilous species towards higher altitude and latitude has been observed in Europe, which could be well tracked with the strong increase in frequency of thermophilous lichens such as Candelaria concolor and, Flavoparmelia caperata (Aptroot and van Herk 2007) . Studies on Indian lichens too revealed by increase in frequency and upward shift of thermophilous species in Garhwal Himalaya (Shukla and Upreti 2011) . Temporal trend of lichen diversity in the Himalayas (Pindari region) shows increase in abundance of green algae-containing lichens over cyanolichens and trentepohiliod lichen species together with decrease in soil-and rock-inhabiting lichens (Joshi and Upreti 2008) . Further a recent study on role of secondary metabolites variation and its ecological implication revealed that species containing potential uv protectant and antioxidant potential are abundant at higher altitudes (Shukla et al. 2015) Topography has pronounced effect on the spatial distribution of pollutants associated with aerosols in high altitude regions. Lichen biomonitoring studies also provides ample verification on the spatial behaviour of pollutants in high altitude ecosystem in Garhwal Himalaya. It has been observed in Rudraprayag area of the region that organic pollutants (based on semivolatile properties) as well as inorganic pollutants (based of density of the metal) has a tendency to move with the moving air mass and the direction of the wind (Shukla et al. 2013; Shukla et al. 2014) Lichen biomonitoring data has confirmed that among the different ringed PAHs, 4 ringed PAHs depending on their semivolatile nature tend to associate with the suspended particulate matter and travel long distance from its source of origin (Shukla et al. 2013) . In an effort to observe source apportionment of PAHs, the PAH ratio calculation based on biomonitoring data clearly distinguished between emissions from petrol driven vehicles and diesel driven vehicles, indicating that diesel driven vehicles (due to tourist activity) are major source of PAH pollution in Garhwal Himalayas (Shukla et al. 2012) . Studies demonstrated that narrow valleys provide unidirectional movement of pollutants/emissions towards higher altitude causing temperature rise in the area because of increase in concentration of aerosols and greenhouse gases. The metallic pollutants disperses towards higher altitude with moving air mass along the Alaknanda and Mandakini valley. The warming of regional/local climate may be well anticipated as the vehicular/urban emissions not only contains inorganic and organic pollutants but also substantial amount of phytotoxic greenhouse gases too, like sulphur dioxide and NOx gases.
Corroboration of lichen biomonitoring data with other proxy data and to propose a plausible cause
Correlation of proxy data together with lichen biomonitoring data could probably predict a wider understanding of the plausible cause of the devastating flood in Kedarnath region, as the solar budget changes due to aerosols present in the atmosphere results in origin of western disturbance, which causes alteration in the monsoon cycle, while western disturbance in itself has pronounced effect on the north Indian region causing heavy rainfall in the hilly states of India. Thus on June 16-17 th 2013 when the western disturbance got supplemented with the routine monsoon cycle originating from Bay of Bengal resulted in intense depression in hilly states of Western Himalaya (Dobhal et al. 2013) . On the other hand aerosol (from vehicular emission both long range and local origin) capable of absorbing intense solar radiation at high altitude came in direct contact with the heavy cloud moving downwards, which possibly became instable due to adiabatic heating and collapsed (resulting in flash flood) with in small portion of area (Fig 2) .
Lichen biomonitoring data indicates that high altitude regions of Garhwal Himalayas are exposed to warming phenomenon as evident by substantial alternation in demography of sensitive and thermophilous lichen species at tree line. Biomonitoring data as well validates emission and flow of aerosols in the valleys of the region (major urban centers of Garhwal Himalayas are contributing towards emission of hazardous pollutants along with greenhouse gases having high global warming potential). Long range transport of pollutant and aerosol is also making the situation worst, which cannot be denied in the present scenario (North India is highly populated and heavily industrialised). The available proxies indicate that climate change together with anthropogenic emissions has altered the equilibrium resulting in extreme climatic conditions of flood and droughts, which have become more frequent in the recent past.
Lichens may be regarded as a valuable proxy for monitoring microclimatic changes and proper coordination between geological, biological and environmental proxies may be widely applied to predict the climatic changes, which is important for paleoclimate studies, biological conservation, and extreme climate studies.
